The phase behaviors of 1-dodecyl-3-methylimidazolium tetrafluoroborate ([C 12 
Introduction
Ionic liquid crystals (ILCs) are a class of liquid-crystalline compounds containing (positively charged) cations and (negatively charged) anions. [1] [2] [3] [4] [5] The ionic character means that some of the properties of the ILCs differ signicantly from that of conventional liquid crystals (LCs). In particular, the incorporation of an ionic functionality affords the resulting ILCs several advantages over conventional LCs, such as intrinsic ionic conductivity, a relatively wide mesophase temperature range, and enhancement of the mesophase phase stability. Their liquid crystal behaviors, including phase transition temperature, mesogenic temperature range and mesogenic phase, can be ne-tuned by the rational combination of cation, anion, mesogenic unit, alkyl chain, and even functional groups. 6 They are anisotropic solvents and can be used as ordered reaction media that impart selectivity in reactions, 7 or as templates for the synthesis of mesoporous materials [8] [9] [10] [11] and nanomaterials, [12] [13] [14] or zeolitic materials. 15 ILCs are also very promising candidates to design anisotropic ion-conductive materials because they have an anisotropic structural organization and ionic character. 4 Since the rst ILCs were reported by Knight and Shaw in 1938, 16 only a limited range of ionic liquid crystalline species had been known. So far, a few papers reported thermotropic ionic liquid crystalline materials containing imidazolium-based salts, ammonium-based salts, phosphonium-based salts, pyridinium-based salts, 4,4 0 -bipyridinium-based salts, and several new cationic cores for ILCs. 4, 5 Generally, similar to common LCs, ILCs could be divided into two basic classica-tions: thermotropic and lyotropic. Except for thermotropic mesophases, studies on lyotropic mesophases obtained from ILs in aqueous solution had also been reported. [17] [18] [19] [20] [21] And several photo-induced mesophases of ILs involving photochromic moieties obtained by photoirradiation had been reported.
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In general, a thermotropic mesophase was formed by heating a solid or cooling an isotropic liquid, and a lyotropic mesophase was prepared by dissolving an amphiphilic mesogen (a compound that displayed liquid crystalline behavior) in a suitable solvent, under appropriate conditions of concentration and temperature. And a photo-induced mesophase was obtained by irradiation with either ultraviolet light or visible light.
In fact, for solidication of melt, there are two ways. The conventional method is cooling, and the other effective way is compression. Inspired by thermotropic mesophase, lyotropic mesophase and photo-induced mesophase, it could be speculated that there might be a pressure-induced mesophase, which might be formed by compressing an isotropic liquid. The temperature and pressure of the sample were simultaneously controlled by a resistance-heated diamond anvil cell (DAC). Two type-Ia diamonds were used and the diamond culet size was 0.5 mm. The sample was contained in a 0.2 mm diameter hole in a T301 gasket which was preindented to a thickness of about 90 mm and clamped between the two diamond anvils. The temperature was measured by NiCr-NiSi thermocouples with a precision of 1 K. The pressure was measured by the ruby-scale method. 30 The samples were held under each predetermined temperature and pressure for a long time, so that the equilibrium was established, and then the data were determined. Raman spectra were obtained by using a Renishaw inVia Raman microscope (Renishaw, United Kingdom) with 532 nm wavelength excitation. Raman spectra were collected in a backscattering geometry with a 2400 gr per mm holographic grating, and the slit width was selected as 65 mm corresponding to a resolution of ca. 0.5 cm À1 . All of the obtained Raman spectra were tted with Gaussian-Lorentzian mixing functions using the WIRE 3.3 soware (Renishaw, United Kingdom) for analyzing the spectral data. With decreasing temperature at the rate of 5.0 C min À1 , phase transitions were observed at the temperature of 47.5 C and 10.5 C, and they were assigned as isotropic liquid (I) to smectic A (S A ) and S A to crystal (C) respectively, which were similar to the results gained by previous researchers. [27] [28] [29] At the higher temperature, a rather dark image maintained the isotropic phase. Upon cooling, a lot of small batonnets formed, and then rapidly dispersed into many regions of focal conic-like texture, which was indicative of a layered S A mesophase, supporting the assignment of the phase transition detected at $47.5 C as I-S A .
Results and discussion
Upon further cooling, the optical image changed to a characteristic crystal texture, and thus the transition at $10.5 C was assigned as S A -C. The results were in excellent agreement with those reported by Zhang et al. within the experimental error.
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It is well known that Raman spectroscopy is deemed to be a very convenient technique to study structures and structural changes of materials. "It was reported that the changes in the C-H stretching region of Raman spectra could be correlated with polymethylene chain conformation and chain environment. [31] [32] [33] [34] [35] [36] [37] [38] Larsson reported that the C-H stretching vibration region in lipid Raman spectra could be used to identify different states of order. 34 And then, Larsson and Rand pointed out that these spectral effects mainly were due to differences in the environment of the hydrocarbon chains. 35 Snyder et al. pointed out that the intensity of methylene symmetric stretching mode was sensitive to lateral interactions and hence to the packing arrangement. 36 Brown et al. pointed out that the intensity of methylene asymmetric stretching mode was sensitive to the conformation of the methylene chain, decreasing in the liquidphase as compared to the solid. 37 Wallach et al. pointed out that the ratio of the intensities of methylene antisymmetric and symmetric stretching modes was sensitive to both conformational disorder of the alkyl chains as well as their packing. 38 In fact, this correlation had now become the basis for an important technique for investigating lipid structure in biological membranes". According to the previously reported Raman spectra and approximately assignments of alkane-based materials and 1-alkyl-3-methylimidazolium based ionic liquids, 39-43 the bands at $2845 cm À1 and $2880 cm À1 (marked by down arrow in Fig. 2b ) could be easily assigned as the symmetric (n (CH 2 )ss ) and asymmetric CH 2 stretching modes (n (CH 2 )as ). To our knowledge, r (CH 2 )ss/(CH 2 )as , which was the ratio of peak heights of n (CH 2 )ss and n (CH 2 )as , had been used as a measurement of the degree of order in a number of organic materials containing several ionic liquids. 40, 42, 43 In addition, a lower value of r (CH 2 )ss/(CH 2 )as indicated a larger degree of linearity of alkyl chain in materials. As the S A -C phase transition at $10.5 C, which were detected by POM. Moreover, for the phases I, S A , and C, the r (CH 2 )ss/(CH 2 )as was approximately equal to 1.26, 1.21, and 0.75, respectively, which indicated that the I phase had the smallest degree of linearity of alkyl chain, the S A phase had slightly larger degree of linearity of alkyl chain than the I phase, and the C phase had the largest degree of linearity of alkyl chain. From the above analysis, a conclusion might be drawn that the discontinuous points of r 4 ] at different pressures from ambient pressure to $2.0 GPa. It was well known that a rather dark image in Fig. 3a referred to the isotropic phase. Upon compression from ambient pressure to $0.25 GPa, small batonnets rst formed, and then rapidly dispersed into a homeotropic texture (i.e. the optical axis was perpendicular to the diamond anvils) with birefringence. Gray et al. pointed out that if a mesophase lm was deformed, regions of focal conic and oily-streak texture were observed indicative of a layered S A mesophase. 44 When the sample was compressed between two diamond anvils, spontaneous formation of a single homeotropic monodomain was frustrated and a fan-like texture was observed (as shown in Fig. 3a) . It could be speculated that a layered S A mesophase formed. Upon further compression to $0.60 GPa, the optical image changed to a characteristic crystal texture (as shown in Fig. 3a) . From the result above, it could be speculated that the phase transitions of I-S A and S A -C occurred at the pressure of $0.25 and $0.60 GPa, respectively. So far, most of the studies on imidazolium salts-related ILCs were restricted to compounds forming smectic mesophases. It was reported by Hardacre et identied as a S A phase. 47 And the respective crystalline and mesophase structure was suggested as those shown in Fig. 4b 4 ] were similar to the 1-alkyl-3-methylimidazolium salts which mentioned above. Specially, it was worth noting that the degree of linearity of alkyl chain increased when [C 12 
